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r Abstract

It is very important to measure linear cycle plane positioning accuracy of NC lathes as they
affect those of all other machines machined by them in industries. For example, if the linear
cycle plane positioning accuracy of each axes directions is bad, the accuracy of works will be
wrong and the change-ability will be bad in the assembly of machine parts.

In this paper, computer software systems are organized to measure linear displacements of
ATC(Automatic tool changer) of NC lathes using linear scale and time pulses comming out
from computer in order to get data at constant time intervals from the sensors. And each
sets of error data gotten from the test is expressed to plots by computer treatment and the
results of linear cycle plane positioning error motion estimated to numerics by statistical
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Table. 1 Linear scale specification
( LT" 183, Ileidenhein co., Germany)

Items Specifications
Masureing standard DIADUR phase
grating on steel
Grating period: 8im
Thermal expansion | @gem =~3 pm
coefficient: ~+0.000012 ir
Output Signals/ o~1Vpp/
Signal Periods 4m

Accuracy grades + 2/ +0.00008 in.)

1gm to 0.1pm

ML340 mm(134 in.)
ML540 mm(21.3 in.)
Vibration (55 to 2000 Hz)| <2009 (IEC 68-2-6)
Shock (11 ms) <300m¢ (IEC 68-2-27)

5V +5%/<150 mA
(with terminating resistor
Zo=1208)

Recomm’d meas. steps

Measuring lengths

Power supply

Table. 2 PC Counter Cards for two incre-
mental Linear Scales (IK 121V, Heidenhein co.,
Germany)

Item Specifications
2X"1 Vpp

Signal inputs
Signal subdivision
(Signal period : meas.
step)

Up to 1024-fold

Max. input frequency 400 K
Counter (per channel) | 32 bits
Driver software Turbo Pascal
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Fig. 3 Setting of linear scales on NC lathe.
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Fig. 4 Flow charl for linear cycle plane
positioning accuracy test.

5. %3 Holg 9 A

A4 Aol2 W AXNFA AE SN o
oF AX4H oA dolgEe AnWF} BAY
o) ANAAW AR AFIYEL 2Yes U
BuT, 2 SEANY JAAY oAze ¥l
d=2 T4

NC Aol A4 Alol2 Hd ANEA A%
2ol M Aye BA e == 27 449
3 AP Ay, dzg)e BT o) Ao gl

AP():PZn_PZn, [7]
o7l A, AP, : B @4 i=09% =, Ny 2

Az 2= AFd EH H4AE23(mm %£E
pm)

—390—



Py, 3842 2nd e EE YA (mm)
Py cHANY 2nd9 A4 9 (mm)

2 x-20Hs -EWe) A9 Aolg B
ANAR ox =x BA 9AWAE Z2 o
3 2.

dxy= %o — X9, {81

kel
&
v

A2y = 23— 22y [9]

A71 A, dxy. x-F BFe AAEAH 3 E
= JAVA mm X pm)
Ko ¢ X~F WF] 2nF XA (mm)
Xgs 0 x-% HF 2039 AR 92 (mm)
23, ¢ z~E54FY 2nHY EE YA (mm)
29, z-59% 208 AN (mm)
dz) 1 z~%F B AXNEA oA B AAH
ZH mm E¥E pm)

22 Ade AW Aolg FY $xFY o
agez 2dystn 4 ExHAMY oAR
& E2 Ho] F3 Yk 53], EA Aol 29
EA 0N E A% 2238 vehiz

¥ dd ot

£

6. 28

NC dwtelA AN Alejg 33 HAZA A=
oA Qoi HolHE 451 2EE 8%
3td ot Zr.

1) #% gue] 2AY &3 N2dE o] §3
of NC Mute] M Ate]E Hd HARAZAY ¥
2AE FA%3: DY A BHY 5
A
2) Ao =AY &3 Ax=gd 9F A A
ol WY AXNAAY AR FAHL HAY FAo
golsht EA717F A NC Aubgel dAHn

2 NC AytdA dg=He Agh 3L A%

4 fith

1.

=391 -

FVEQ

(1) JIS B6336(1986), Test code for performance
and accuracy of machining centers.

(2) ISO 230-1(DIS:1992), Acceptance code of
machine tools, part 1,  Geometric accuracy of
machines operating under no-load or finishing
conditions.

(3) ISO 230-2(1988), Acceptance code of machine
tools, part 2, Determination of accuracy and
repeatability of positioning of numerically
controlled machine tools.

(4) &84, A/, “B 23F A7 X223 &
A 2e(Precision Measurement System for
Ball Screw Pitch Error)”, @4 4¥8 3, ‘944
A geuidd =F3 pp 279-285, 1994,

Gy AAY, &4, AF4Y, ‘2yLol$AY 44
AA9a BA7|&(Position Error Compensation
Technology for Precise Feed-Drive System)”,
FFAYFES A, A17TA A125, pp. 34-40,
Dec, 2000.

6) F42, =74, AAY, ‘CNCAH#A B}
duige g HXEY A= AAd & 47
(A Study on Improvement of Accuracy of
Positioning Induced Thermal Deformation of
the Ball Screw in CNC Lathe)”, $%¥27 4

83z, A3H A1E, pp. 45-51, Feb. 1999,

(N AR, $74, BRAKE. ‘CNC 337149 94
23 RU= ¥ #¢ 47(An Improvement
of Positioning Accuracy for CNC Machine Tools)”,
FEANFEEA A1l A63, Dec. 194,

(8 W.Knapp, AWirtx, "Accuracy of Length
Measurment and Positioning(Statical Measurment
and Contouring Mode)’, CIRP, Vol37
pp.551-514, 1988. :

9 AQR, HMUE EHE REE AF B—K 2434
zzod 98 NC 3237149 ¢£534E 24
(Measurement of Motion Accuracy by
Two-dimensional Probe on NC Machine Tools)”,

A AYFE3 A, A14F A7E, pp.15-21, Jul
1997.



(10) o1&, 453, 248, 4&Y “TAA
A7A9 XA 23 2 RAANHNY,
W7\ AE=FH, Vol 17, No. 6
pp.1431-1440, 1993.

(11) Nakazawa. H, Ito. K, "Measurement System
of Contouring Accuracy of NC Machine Tools”,
Bulletin of the JSPE. Vol 12, No, 4
pp.189-194, 1978.

3% A-
M lllo&&
3 (Mameeon Lathe oo)
) ltnear cycty plane postioniag erors {2) Rrror plots for Livear cycle
Porward Return plane
s z o 2 P
Syt By et e [N g [Raged ey 0. ——— ETORF
G | (i) | bonmd | (1) [ bmad]| () | el | (m
10 |~283] SL-170] 0|44 O] 128
201-207] Wi-148f 10[123 ] 5] 120
90 1-235{ 15 121 | 20| 11.0 | 10| 104
w022 20 -84] 3] 03] 15! 0B
$0|-238] 96 (-141{ 40| V2 20| W
00 |-240} 20 -248] 50) 87| 2B &8
70 |-27.4] 95 {-2308| 80{ 39 0| 0O
B0 |-26.8] 4D |-180) 70] 18] %] 08
901-268] 6112} B0] 10 0] 52
100 [-26.8] S0 {-116] 90} 12] 45} 121
Fig. A-1  Analysis of Linear Cycls Plane Positioning Accuracy of NC Lathe
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Fig. A~2 Analysis of Livsar Cycls Plane Positioning Accuracy of NC Lathe
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Fig. A-3 Analysis of Linesr Cycle Plane Postloning Accuraey of NC lathe




